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7KH FHUHDO ZHHYLOV Sitophilus oryzae, Sitophilus
granarius DQG Sitophilus zeamais DUH PDMRU
SHVWV RI VWRUHG JUDLQV &XUUHQWO\ WKH XVH RI
FKHPLFDO LQVHFWLFLGHV LV WKH PDLQ VROXWLRQ WR
SUHYHQW WKH GDPDJH FDXVHG E\ VWRUHG SURGXFW
SHVWV LQGXFLQJ HFRWR[LFLW\ SUREOHPV DQG WKH
RFFXUUHQFH RI UHVLVWDQFH ZLWKLQ LQVHFW
SRSXODWLRQV ,GHDOO\ SODQW SURWHFWLRQ FRXOG WDNH
DGYDQWDJH RI WKH JHQHWLF UHVRXUFHV UHVLGLQJ LQ
FURS SODQWV WR FUHDWH UHVLVWDQW YDULHWLHV DQG
GHYHORS WKH XVH RI ELRORJLFDO SHSWLGH WR[LQV WR
EXLOG XS WUDQVJHQLF SODQWV WROHUDQW WR GLIIHUHQW
LQVHFW VSHFLHV 7KH Bacillus thuringiensis WR[LQV
6FKQHSI HW DO  SURWHLQV EHORQJLQJ WR WKH
OHFWLQ IDPLO\ 3HXPDQV DQG 9DQGDPPH  RU
HQ]\PH LQKLELWRUV *DWHKRXVH DQG *DWHKRXVH
 DUH FXUUHQWO\ LQ XVH RU EHLQJ WHVWHG EXW WR
GDWH WKHVH PROHFXOHV DUH QRW DGDSWHG IRU JUDLQ
SURWHFWLRQ DJDLQVW ZHHYLOV $ YLWDPLQ VFDYHQJHU
KDV EHHQ VKRZQ WR SURWHFW PDL]H DJDLQVW WKH ODUYDO
VWDJHV RI S. granarius .UDPHU HW DO  EXW LW
PD\ LQGXFH LQWHVWLQDO RU UHJXODWRU\ SUREOHPV LI
XVHGLQKXPDQQXWULWLRQ
3$E IRU 3HD $OEXPLQ E LV D SODQW SHSWLGH
SXULILHG DQG VHTXHQFHG IURP VHHGV RI WKH SHD
Pisum sativum, +LJJLQV HW DO  WKDW LV OHWKDO
IRU FHUWDLQ LQVHFWV VXFK DV WKH FHUHDO ZHHYLOV RU
WKH SHD DSKLG Acyrthosiphon pisum 'HOREHO HW DO
 DOWKRXJK WKH IUXLW IO\ Drosophila
melanogaster KDV EHHQ IRXQG WR EH LQVHQVLWLYH
3$E FRQVLVWV RI  DPLQR DFLGV
$6&1*9&63)(033&*76$&5&,39*/9,*<&5
136* ZLWK VL[ F\VWHLQHV LQYROYHG LQ WKUHH
GLVXOILGH ERQGV WKDW JLYH WKH WR[LQ LWV KLJK
VWDELOLW\ 0RUHRYHU 3$E PLJKW EHORQJ WR D
PXOWLJHQLF IDPLO\ VLQFH DW OHDVW ILYH LVRIRUPV RI
WKH SHSWLGH H[LVW LQ D VLQJOH SHD JHQRW\SH DQG LW
VHHPV WR EH ZLGHVSUHDG LQ OHJXPHV /RXLV HW DO
 ,W ZDV UHFHQWO\ HVWDEOLVKHG E\ 105
VWXGLHV DQG PROHFXODU PRGHOLQJ WKDW 3$E
EHORQJV WR WKH F\VWLQHNQRW IDPLO\ -RXYHQFDO HW
DO  ZKLFK KDV QRZ EHHQ FRQILUPHG IURP D
YDULHW\ RI VRXUFHV &\VWLQHNQRW SHSWLGHV VKRZ
YHU\ GLYHUVH ELRORJLFDO DFWLYLWLHV IRU UHYLHZ VHH
&UDLN HW DO  3$E ZDV WKH ILUVW HQWRPRWR[LF
F\VWLQHNQRW SHSWLGH LGHQWLILHG UHFHQWO\ MRLQHG E\
D PHPEHU RI WKH F\FOLF SHSWLGH IDPLO\ NDODWD %
-HQQLQJVHWDO
S. oryzae VWUDLQV UHVLVWDQW WR 3$E H[LVW QDWXUDOO\
6FUHHQLQJ RI XS WR  Sitophilus VSS VWUDLQV IRU
VXVFHSWLELOLW\ WR 3$E KDV UHYHDOHG WKDW WKUHH
VWUDLQV DOO EHORQJLQJ WR WKH S. oryzae VSHFLHV
FRQWDLQHGLQGLYLGXDOVDEOHWRIHHGRQSHDVHHGV
*UHQLHU HW DO  7KHVH VWUDLQV ZHUH DOVR IXOO\
UHVLVWDQW WR WKH SXULILHG WR[LQ $ JHQHWLF DQDO\VLV
RI WKH UHVLVWDQFH GHPRQVWUDWHG WKDW WKLV WUDLW ZDV
GULYHQ E\ D VLQJOH UHFHVVLYH DXWRVRPDO JHQH
*UHQLHU HW DO  7KLV UHVXOW VXJJHVWV WKDW D
VLQJOH ZHHYLO JHQH SURGXFW FRXOG EH UHVSRQVLEOH
IRU WKH VXVFHSWLELOLW\ RU UHVLVWDQFH WRZDUGV WKH
WR[LQ
2Q WKLV EDVLV WKH VHDUFK IRU WKH PROHFXODU
PHFKDQLVP RI DFWLRQ RI WKH WR[LQ IRFXVHG RQ WKH
K\SRWKHVLV RI D UHFHSWRU RQ WKH WDUJHW LQVHFW
%LRFKHPLFDO VWXGLHV VKRZHG WKH SUHVHQFH RI D
SURWHLQDFHRXV KLJK DIILQLW\ ELQGLQJ VLWH IRU 3$E
RQ Sitophilus PHPEUDQH H[WUDFW 7KLV ELQGLQJ VLWH
ZDV SUHVHQW RQ DOO VXVFHSWLEOH Sitophilus VSHFLHV
DQG VWUDLQV EXW ZDV QRW GHWHFWDEOH RQ H[WUDFWV
IURP WKH IRXU S. oryzae UHVLVWDQW VWUDLQV WKH WKUHH
QDWXUDO VWUDLQV SOXV RQH VWUDLQV REWDLQHG LQ RXU
ODERUDWRU\ E\ EDFNFURVVLQJ D UHVLVWDQW LQWR D
VHQVLWLYH JHQRW\SH *UHVVHQW HW DO  7KXV
WKH ELQGLQJ SURWHLQ ZDV SUREDEO\ LQYROYHG LQ WKH
WR[LFLW\ SURFHVV DQG WKH UHVLVWDQFH RI VWUDLQV WKH S.
oryzae VSHFLHV ZDV GXH WR WKH DEVHQFH RU WKH
PXWDWLRQ RI WKH WDUJHW PROHFXOH +RZHYHU VSHLFHV
LQVHQVLWLYH WR WKH WR[LQ VXFK DV WKH IUXLW IO\
GLVSOD\HG D ELQGLQJ VLWH IRU 3$E VLPLODU WR WKDW
IRXQG RQ Sitophilus LQGLFDWLQJ WKDW RWKHUV
PHFKDQLVPV RI UHVLVWDQFH RFFXU DPRQJ LQVHFW
VSHFLHV
7KHUHIRUH WKH DLP RI WKH SUHVHQW ZRUN ZDV WR
LQYHVWLJDWH WKH ELRORJLFDO DFWLYLW\ VSHFWUXP RI
3$E DPRQJ LQVHFW IDPLOLHV DV ZHOO DV RQ VRPH
IXQJDO DQG EDFWHULDO VSHFLHV 7KH SUHVHQFH DQG WKH
FKDUDFWHUL]DWLRQ RI WKH 3$E ELQGLQJ VLWH ZDV DOVR
LQYHVWLJDWHGLQWKHWHVWHGLQVHFWV
0DWHULDOVDQG0HWKRGV
%LRORJLFDOPDWHULDODQGWR[LFLW\DVVD\V
&HUHDO ZHHYLOV Sitophilus oryzae S. zeamais DQG
S. granarius &ROHRSWHUD ZHUH UHDUHG IRU PRUH
WKDQ  \HDUV LQ RXU ODERUDWRU\ RQ ZKHDW VHHGV DW
&  5+ 5HVLVWDQW VWUDLQV ZHUH UHDUHG RQ
SHD VHHGV 7HVWV DQG VXUYLYDO DQDO\VLV ZHUH
SHUIRUPHG RQ DGXOWV DV IXOO\ GHVFULEHG LQ /RXLV HW
DO
*URZWK DQG WR[LFLW\ DVVD\V ZHUH FDUULHG RXW RQ
WKH DSKLGV Aphis gossypii Myzus persicae DQG
Acyrthosiphon pisum +HPLSWHUD DFFRUGLQJ WR
5DKEp DQG )HEYD\  /DUYDH RI WKH IUXLW IO\
Drosophila melanogaster, 'LSWHUD ZHUH SURYLGHG
E\ 'U $OOHPDQG 805  &1568&%/ /\RQ
)UDQFH
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9RO_$UWLFOH 7KH UHG IORXU EHHWOH Tribolium castaneum
&ROHRSWHUD ZDV SURYLGHG E\ )UDQoRLV %RQQHWRQ
&HQWUH GH *pQpWLTXH 0ROpFXODLUH &HOOXODLUH
/\RQ )UDQFH 7HVWV ZHUH SHUIRUPHG RQ DGXOWV E\
PL[LQJ WKH WR[LQ LQWR WKH GLHW ZKHDW IORXU 
\HDVWH[WUDFW
Trichogramma pretiosium 7 +\PHQRSWHUD
ZHUH JURZQ XVLQJ WKH DUWLILFLDO GLHW GHVFULEHG LQ
*UHQLHU HW DO  7KH WR[LQ ZDV LQFRUSRUDWHG
LQWR WKH GLHW DQG WKH GHYHORSPHQW RI LQVHFWV ZDV
PRQLWRUHGIURPHJJVWRDGXOWV
7KH ODG\EHHWOH Harmonia axyridis &ROHRSWHUD
ZDV JURZQ RQ D SRUN OLYHUEDVHG DUWLILFLDO GLHW
6SHFW\ HW DO XQSXEOLVKHG UHVXOWV DQG WHVWV ZHUH
SHUIRUPHG XVLQJ D GLHW VXSSOHPHQWHG ZLWK WKH
WR[LQ 7KH GHYHORSPHQW ZDV PRQLWRUHG IURP /
XSWRWKHSXSDOVWDJH
7KH PRVTXLWR ELRDVVD\ ZDV SHUIRUPHG RQ ODUYDH
RI Culex pipiens 'LSWHUD LQ ZDWHU 7KH WR[LQ ZDV
DGGHG GLUHFWO\ WR WKH ZDWHU DQG WKH PRUWDOLW\ RI
/ODUYDHZDVUHFRUGHGGDLO\
7KH FDEEDJH PRWK Mamestra brassicae
/HSLGRSWHUD ZDV JURZQ RQ WKH DUWLILFLDO PHGLXP
GHVFULEHG E\ 3RLWRXW DQG %XHV  3$E ZDV
DGGHG WR WKLV PHGLD DQG WKH PRUWDOLW\ RI ODUYDH
IURP/WRSXSDZDVPRQLWRUHGGDLO\
$OO WR[LFLW\ DVVD\V ZHUH FDUULHG RXW XVLQJ D
PL[WXUH RI 3$E LVRIRUPV  SXULW\ E\ +3/&
$OO WHVWV ZHUH SHUIRUPHG RQ DW OHDVW  LQVHFWV IRU
DVVD\V DQG IRU FRQWURO WHVW ZLWKRXW WR[LQ H[FHSW
IRU WKH WKUHH DSKLG VSHFLHV  LQVHFWV DQG IRU
7ULFKRJUDPPD PRUH WKDQ  HJJV E\ DVVD\V
:KHQ DGXOWV ZHUH XVHG WKH LQVHFWV ZHUH
V\QFKURQL]HG DW WKH LPDJLQDO PROW 7KH VWDWLVWLFDO
DQDO\VHV ZHUH SHUIRUPHG XVLQJ WKH -03 VRIWZDUH
6$6*UpJ\VXU<HUUHV)5$
,QVHFWH[WUDFWV
7KH LVRODWLRQ RI PHPEUDQH SURWHLQV IRU ELQGLQJ
VWXGLHV ZDV SHUIRUPHG DV GHVFULEHG E\ *UHVVHQW HW
DO  )RU 3$E GHJUDGDWLRQ WHVWV LQVHFW
H[WUDFWV ZHUH SUHSDUHG DV IROORZV  J RI LQVHFWV
ZHUH JURXQG ZLWK D PRUWDU DQG SHVWOH LQ OLTXLG
QLWURJHQ 7KH UHVXOWLQJ SRZGHU ZDV UHVXVSHQGHG
LQ  PO RI H[WUDFWLRQ EXIIHU  P0 7ULV+&O S+
  0 VXFURVH  P0 0J&O 7KH VOXUU\ ZDV
FHQWULIXJHG IRU  PLQ DW  g, DQG WKH
VXSHUQDWDQW ZDV VWRUHG DW ï& XQWLO UHTXLUHG
$OOWKHRSHUDWLRQVZHUHSHUIRUPHGDW&
3XULILFDWLRQRIWKHWR[LQ
3XULILHG WR[LQ LVRIRUP 3$E ZLWK D
PROHFXODU PDVV RI  'D E\ PDVV VSHFWURPHWU\
DQG D SHD DOEXPLQ H[WUDFW 65$ ZHUH SURYLGHG
E\ - *XHJXHQ DQG ( )HUUDVVRQ /DERUDWRLUH GH
%LRFKLPLH HW 7HFKQRORJLH GHV 3URWpLQHV 1DQWHV
)UDQFH )URP 65$ D PL[WXUH RI 3$E LVRIRUPV
ZDV REWDLQHG XVLQJ WR WKH PHWKRGV RI *UHVVHQW HW
DO
%LQGLQJDVVD\V
7KH SHSWLGLF WR[LQ 3$E LVRIRUP ZDV
ODEHOOHG ZLWK , WR D VSHFLILF UDGLRDFWLYLW\ RI
DERXW  &LPPROï DQG WKHQ XVHG IRU ELQGLQJ
VWXGLHV ZLWK PHPEUDQH H[WUDFWV DFFRUGLQJ WR
*UHVVHQWHWDO
3$EGHJUDGDWLRQDVVD\V
3$E GHJUDGDWLRQ DVVD\V ZHUH SHUIRUPHG XVLQJ 
ƫJ RI SHSWLGH 3$E LVRIRUP PL[WXUH LQ D ILQDO
YROXPH RI  ƫO EXIIHU $VVD\V ZLWK FRPPHUFLDOO\
6,*0$ ZZZVLJPDDOGULFKFRP DYDLODEOH
HQ]\PHV ZHUH SHUIRUPHG LQ *O\FLQH1D2+ EXIIHU
 P0 S+  DW & IRU SURWHLQDVH . (&
 7ULV+&O EXIIHU  P0 S+  
('7$  P0 DW & IRU SURQDVH ( W\SH ;,9
0(61D2+ EXIIHU  P0 S+  DW & IRU
SDSDLQ (&  7ULV+&O EXIIHU  P0
S+  DW & IRU FK\PRWU\SVLQ (& 
DQG 7ULV+&O EXIIHU  P0 S+  DW & IRU
WU\SVLQ (&  $VVD\V ZHUH GRQH ZLWK 
ƫJ RI HDFK HQ]\PH DQG FRQWURO DVVD\V ZHUH
SHUIRUPHG ZLWK  ƫJ RI HQ]\PHV GHQDWXUDWHG E\
 PLQ ERLOLQJ $VVD\V ZLWK LQVHFW H[WUDFWV ZHUH
FDUULHG RXW LQ  P0 EXIIHUV IURP S+  WR 
*O\FLQH+&O S+   VRGLXP DFHWDWH S+  
0(61D2+ S+   7ULV+&O S+   *O\FLQH
1D2+ S+  DW & ,Q WHVW DVVD\V  ƫJR I
LQVHFW H[WUDFW SURWHLQV ZHUH DGGHG  ƫJ ZKHQ
XVLQJ WKH M. brassicae JXW FRQWHQW DQG FRQWUROV
ZHUH SHUIRUPHG ZLWK VLPLODU DPRXQWV RI SURWHLQV
GHQDWXUDWHG E\  PLQ ERLOLQJ (DFK SRLQW ZDV WKH
PHDQRIWULSOLFDWHV
)RU DOO DVVD\V DIWHU D RQH QLJKW LQFXEDWLRQ  ƫO
RI PHWKDQRO ZHUH DGGHG WR WKH PL[WXUH DQG
LQFXEDWHG IRU  PLQ DW & $IWHU FHQWULIXJDWLRQ
IRU  PLQ DW  J  ƫO RI WKH VXSHUQDWDQW
ZDV LQMHFWHG RQ D UHYHUVH SKDVH & +3/& FROXPQ
HOXWHG DW  POPLQï ZLWK D JUDGLHQW RI ZDWHU 7)$
  DFHWRQLWULOH  7)$   IRU 
PLQXWHV WKHQ  IRU  PLQ 3$E SHSWLGH
LVRIRUPV ZHUH GHWHFWHG E\ WKHLU DEVRUEDQFH DW 
QP TXDQWLILHG E\ WKH PHDVXUHPHQW RI WKH SHDN
DUHD DQG ZLWK UHIHUHQFH WR NQRZQ TXDQWLWLHV RI
SXUHSHSWLGHLVRIRUPXVHGDVVWDQGDUGV
3URWHLQGHWHUPLQDWLRQ
3URWHLQ FRQWHQW ZDV PHDVXUHG E\ WKH
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/UG LQVWDUODUYDH
ELFLQFKRQLQLF DFLG SURFHGXUH GHYHORSHG E\ 3LHUFH
ZZZSLHUFHQHWFRP ZLWK ERYLQH VHUXP DOEXPLQ
DVWKHUHIHUHQFH
5HVXOWV
%LRORJLFDO DVVD\V RI 3$E WR[LFLW\ RQ
GLIIHUHQWLQVHFWVSHFLHV
'RVHUHVSRQVH FXUYHV SHUIRUPHG RQ GLIIHUHQW
VWUDLQV RI WKH JHQXV Sitophilus, VKRZHG WKDW /'
YDOXHV DW GD\  DUH IRU S. oryzae %pQLQ %RXUL]
DQG :$$  >@  >@ DQG
 >@ ƫJJ UHVSHFWLYHO\ ZLWK FRQILGHQFH
LQWHUYDOV VKRZQ LQ EUDFNHWV 7KH WKUHH /' VKRZ
QR VWDWLVWLFDO GLIIHUHQFH Ơ   7KH S. zeamais
/6 VWUDLQ KDG D /& RI  >@ ƫJJ 7KLV
YDOXH LV VWDWLVWLFDOO\ GLIIHUHQW IURP WKH WKUHH S.
oryzae VWUDLQV /' Ơ   )RU S. granarius
%UD\DUG VWUDLQ WKH KLJKHVW WHVWHG GRVH  ƫJJ
   PRUWDOLW\ GLG QRW DOORZ WKH FDOFXODWLRQ RI D
SUHFLVH /' 7KLV YDOXH KDV EHHQ HVWLPDWHG E\
H[WUDSRODWLRQ WR ca.  ƫJJ ZLWKRXW
FRQILGHQFHLQWHUYDO
7KH ODG\EHHWOH H. axyridis ZDV WHVWHG ZLWK D
UHODWLYHO\ ORZ FRQFHQWUDWLRQ RI 3$E  ƫJJ RI
IRRG DQG WKH WHVW ZDV VWDUWHG RQ / ODUYDH :KHQ
FRPSDUHG WR WKH FRQWURO LQVHFWV GLHW ZLWKRXW
3$E VHH )LJXUH  GLIIHUHQFHV DSSHDUHG DIWHU
WKUHH GD\V RI DVVD\ DOO FRQWURO LQVHFWV UHDFKHG WKH
/ VWDJH ZKLOH RQO\  RI WKH LQWR[LFDWHG LQVHFWV
GLGVR$IWHUZDUGVWKHGLIIHUHQFHEHWZHHQWKHWZR
JURXSV LQFUHDVHG FRQWURO LQVHFWV JURZLQJ PRUH
UDSLGO\ DQG PRUWDOLW\ RFFXUULQJ LQ WKH WHVWHG
LQVHFWV %\ GD\   RI WKH FRQWURO LQVHFWV KDG
VXUYLYHG DQG UHDFKHG WKH SXSDO VWDJH ,Q FRQWUDVW
RQO\  RI WKH WHVWHG LQVHFWV KDG VXUYLYHG DQG
RQO\ KDOI RI WKHVH VXUYLYRUV UHDFKHG WKH SXSDO
VWDJH
:H QH[W WHVWHG WKH HIIHFW RI 3$E RQ DGXOWV RI T.
castaneum ,Q FRQWUDVW WR RWKHU &ROHRSWHUD QR
HIIHFWV ZHUH GHWHFWDEOH LQ T. castaneum DQG DOO
LQVHFWV VXUYLYHG HYHQ DIWHU IHHGLQJ IRU  GD\V RQ
DKLJKGRVHRI3$EƫJSHUJRIIRRG
Ephestia kuehniella ZDV SUHYLRXVO\ IRXQG WR EH
VHQVLWLYH WR WKH WR[LQ 'HOREHO HW DO  ,Q
FRQWUDVW  ƫJ 3$E SHU J RI GLHW KDG QR HIIHFW
RQ WKH FDEEDJH PRWK Mamestra brassicae, HLWKHU
RQ WKH PRUWDOLW\ RU RQ WKH GHYHORSPHQW DQG
HFG\VLVRIWKHLQVHFWVGDWDQRWVKRZQ
D. melanogater KDV SUHYLRXVO\ EHHQ VKRZQ WR EH
LQVHQVLWLYH WR WKH WR[LQ 'HOREHO HW DO
7R[LFLW\ WHVWV SHUIRUPHG RQ DQRWKHU GLSWHUD
Culex pipiens VKRZHG WKDW / ODUYDH RI WKLV
PRVTXLWR ZHUH UDSLGO\ NLOOHG E\ PRGHUDWH
FRQFHQWUDWLRQV RI 3$E  ƫJPOï RI ZDWHU
VXUYLYDO ZDV  DIWHU RQH GD\ DQG  DIWHU WZR
GD\V
:DVSV RI WKH JHQXV Trichogramma DUH RIWHQ XVHG
IRU ELRORJLFDO FRQWURO RI FHUWDLQ SHVW LQVHFWV
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH(IIHFWVRI3$ERQWKUHHDSKLGVSHFLHV7HVWVZHUHFDUULHGRXWZLWKDUWLILFLDOGLHWVXSSOHPHQWHGZLWKWKH
WR[LQDWLQFUHDVLQJFRQFHQWUDWLRQVDQGPRUWDOLW\RIWKHLQVHFWVZDVPRQLWRUHGGDLO\UHODWLYHODUYDOVXUYLYDOLVXVHG
LQWKHJUDSK&LUFOH A. pisum 6TXDUH M. persicae7ULDQJOH A. gossypii
$GGLQJ 3$E WR DQ DUWLILFLDO GLHW DOORZHG QRUPDO
JURZWK RI WKH VSHFLHV T. presiosum OHDGLQJ WR D
FRPSOHWH GHYHORSPHQW IURP HJJV WR DGXOWV ZLWK
QR GLIIHUHQFH EHWZHHQ GHYHORSPHQWDO WLPHV FRXOG
EH REVHUYHG FRPSDUHG WR FRQWURO LQVHFWV UHDUHG
RQD3$EIUHHGLHW
7KUHH DSKLG VSHFLHV ZHUH WHVWHG IRU WKHLU
VHQVLWLYLW\ WR 3$E 7KH UHVXOWV SUHVHQWHG LQ
)LJXUH  VKRZ WKDW A. pisum¶V VXUYLYDO GHFUHDVHG
UDSLGO\ ZLWK 3$E FRQFHQWUDWLRQ $IWHU VL[ GD\V
IHHGLQJ RQ 3$E GLHWV REVHUYHG PRUWDOLW\ ZDV
 DW  ƫJPOï DQG ZDV WRWDO DW  ƫJPOï
,Q FRQWUDVW QR PRUWDOLW\ ZDV REVHUYHG IRU M.
persicae DW GRVHV XS WR  ƫJPOï ZKLOH D
VOLJKW HIIHFW ZDV REVHUYHG DW WKLV KLJK
FRQFHQWUDWLRQRQO\IRU A. gossypii OHWKDOLW\
%LRORJLFDOWHVWVRQIXQJLDQGEDFWHULD
$ SRVVLEOH DQWLPLFURELDO DQG DQWLIXQJDO DFWLYLW\ RI
3$E ZDV QH[W WHVWHG RQ IRXU EDFWHULDO DQG WKUHH
IXQJDOVSHFLHV7KHH[SHULPHQWVZHUHGRQHXVLQJ
7DEOH$IILQLW\.GDQGUHODWLYHDEXQGDQFH%PD[RIWKH3$EELQGLQJSURWHLQRQPHPEUDQHH[WUDFWVIURP
GLIIHUHQWLQVHFWVSHFLHVDQGVWUDLQV
,QVHFWVSHFLHV .GQ0 %PD[SPROPJRISURWHLQ
&ROHRSWHUD
Sitophilus oryzae VWUDLQV:$$%HQLQ%RXUL]
 WR WR
Sitophilus granarius %UD\DUG 
  
Sitophilus zeamais /V
  
Sitophilus oryzae VWUDLQV0H[*9&KLQD,625 
 QRELQGLQJGHWHFWDEOH
Harmonia axyridis  
Bruchus pisorum QRELQGLQJGHWHFWDEOH
Tribolium castaneum  
/HSLGRSWHUD
Ephestia kuehniella  
Mamestra brassicae  
'LSWHUD
Drosophila melanogastera  
Hymenoptera
Trichogramma pretiosum  
+HPLSWHUD
Aphis gossypii  
Myzus persicae  
Acyrthosiphon pisuma  

 *UHVVHQWHWDO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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH(IIHFWVRI A. gossypii SURWHLQH[WUDFWVRQ3$E3$EZDVLQFXEDWHGZLWKƫJRI A. gossypii SURWHLQV
LQDVROXWLRQEXIIHUHGIURPWR'HJUDGDWLRQRI3$EZDVPRQLWRUHGDIWHULQFXEDWLRQE\UHYHUVHSKDVH+3/&
&RQWURODVVD\VZHUHGRQHXVLQJKHDWGHQDWXUDWHGLQVHFWSURWHLQ
DQ LQFUHDVLQJ WR[LQ FRQFHQWUDWLRQ XS WR 
ƫJPOï $W WKLV FRQFHQWUDWLRQ QR HIIHFW ZDV
GHWHFWHG HLWKHU RQ EDFWHULDO VXUYLYDO P.
aeruginosa S. aureus E. faecium DQG E. coli RU
RQ IXQJDO JURZWK C. albicans C. glabrata DQG A.
fumigatus  DQG  KRXUV DIWHU WKH DGGLWLRQ RI
WKHWR[LQ
&KDUDFWHULVWLFVRIWKH3$EELQGLQJVLWH
3UHYLRXV VWXGLHV KDYH VKRZQ WKH H[LVWHQFH RI D
KLJKDIILQLW\ ELQGLQJ VLWH RQ Sitophilus PHPEUDQH
H[WUDFWV 7KH DEVHQFH RI WKLV SURWHLQ LQ
PHPEUDQHV IURP UHVLVWDQW ZHHYLO VWUDLQV OHDGV WR
WKH FRQFOXVLRQ WKDW WKH ELQGLQJ SURWHLQ SOD\V D
NH\ UROH LQ 3$E WR[LFLW\ 7KHUHIRUH WKH SUHVHQFH
RI ELQGLQJ ZDV LQYHVWLJDWHG LQ PHPEUDQH H[WUDFWV
RI YDULRXV WHVWHG LQVHFW VSHFLHV DQG LWV DIILQLW\
DQGUHODWLYHDEXQGDQFHZHUHFDOFXODWHG
'DWD REWDLQHG IURP FRPSHWLWLRQ H[SHULPHQWV
XVLQJ WKH SXULILHG  N'D LVRIRUP DV
FRPSHWLWRU DUH VKRZQ LQ 7DEOH  3$E ELQGLQJ
DFWLYLW\ ZDV SUHVHQW LQ DOO LQVHFW VSHFLHV H[FHSW
IRU WKH UHVLVWDQW ZHHYLO VWUDLQV DQG WKH SHD VSHFLILF
SHVW Bruchus pisorum UHJDUGOHVV RI WKH
VHQVLWLYLW\ RU LQVHQVLWLYLW\ RI WKHVH LQVHFWV WR 3$E
WR[LFLW\ DV HYDOXDWHG IURP RXU LQVHFW ELRDVVD\V
%LQGLQJ DIILQLW\ IRU 3$E ZDV IRXQG WR EH VOLJKWO\
GLIIHUHQW LQ WKH WHVWHG VSHFLHV UDQJLQJ IURP  Q0
Sitophilus oryzae WR D PD[LPXP RI  Q0
Myzus persicae 7KH UHODWLYH DEXQGDQFH RI WKH
ELQGLQJ VLWHV ZDV DOVR VOLJKWO\ GLIIHUHQW LQ WKLV
JURXS RI VSHFLHV YDU\LQJ IURP  SPROPJ RI
SURWHLQ IRU T. pretiosum WR D PD[LPXP RI 
SPROPJRISURWHLQIRU M. persicae
3$EGHJUDGDWLRQDVVD\V
6LQFH WKH UHVXOWV IURP ELQGLQJ H[SHULPHQWV FOHDUO\
VKRZHG WKDW WKH SUHVHQFH RI WKH ELQGLQJ VLWH DQG
3$E WR[LFLW\ ZHUH QRW FRUUHODWHG H[FHSW IRU B.
pisorum WKDW WKULYHV RQ SHD VHHGV WKH K\SRWKHVLV
RI D GLIIHUHQWLDO GHJUDGDWLRQ RI WKH WR[LQ LQ WKH
LQVHFW JXW ZDV WHVWHG E\ H[DPLQLQJ WKH DELOLW\ RI
GLIIHUHQWSURWHDVHVWRK\GURO\VHWKH3$ESHSWLGH
7DEOH'HJUDGDWLRQDVVD\VRI3$EE\SURWHDVHV
3URWHDVHV 5HFRYHUHG3$EƫJ&RQWURO 5HFRYHUHG3$EƫJ$VVD\V
3DSDLQ  
3URQDVH(  
&K\PRWU\SVLQ  
7U\SVLQ  
3URWHLQDVH.  
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IRU WU\SVLQ FK\PRWU\SVLQ SURWHLQDVH . DQG
SDSDLQ WKH DPRXQW RI 3$E UHFRYHUHG DIWHU
GHJUDGDWLRQ WHVWV DERXW  ƫJ ZDV HVVHQWLDOO\
WKH VDPH DV TXDQWLWLHV REWDLQHG DIWHU FRQWURO WHVWV
ZLWK GHQDWXUHG SURWHDVHV 7KHVH SURWHDVHV ZHUH
WKHUHIRUH XQDEOH WR K\GURO\VH WKH WR[LQ HYHQ
XQGHU WKH RSWLPDO FRQGLWLRQV IRU WKHVH HQ]\PHV
+RZHYHU DIWHU WUHDWPHQW ZLWK WKH SURQDVH (
HQ]\PH RQO\  RI WKH FRQWURO 3$E ZDV
UHFRYHUHG SURQDVH ( ZDV WKH RQO\ HQ]\PH DEOH WR
K\GURO\VHWKHSHSWLGHWR[LQ
7R DVVHVV WKH DELOLW\ RI LQVHFW H[WUDFWV WR K\GURO\VH
WKH WR[LQ H[SHULPHQWV ZHUH GRQH XVLQJ H[WUDFWV RI
WRWDO LQVHFW SURWHLQV 7KUHH VSHFLHV WKDW ZHUH
LQVHQVLWLYH WR WKH WR[LQ ZHUH FKRVHQ IURP WKUHH
GLIIHUHQW RUGHUV M. brassicae /HSLGRSWHUD /
D. melanogaster 'LSWHUD / DQG A. gossypii
+HPLSWHUD / 7KH UHVXOWV SUHVHQWHG LQ )LJXUH
 VKRZ WKDW IRU D S+ UDQJLQJ IURP  WR  WKH
UHFRYHUHG 3$E DIWHU LQFXEDWLRQ ZLWK  ƫJR IA.
gossypii SURWHLQV ZDV YHU\ FORVH WR WKH FRQWURO
WHVW UHDOL]HG ZLWK WKH VDPH DPRXQW RI LQVHFW
SURWHLQ H[WUDFW WKDW KDG EHHQ GHQDWXUHG E\
ERLOLQJ 7KH VDPH H[SHULPHQWV XVLQJ M.
brassicae RU D. melanogaster SURWHLQ H[WUDFWV
DVVD\HG LQ WKH VDPH S+ UDQJH OHG WR VLPLODU
UHVXOWV ZLWKRXW DQ\ GLIIHUHQFH EHWZHHQ FRQWURO
DQGWHVWDVVD\VGDWDQRWVKRZQ
:H QH[W XVHG JXW H[WUDFWV IURP M. brassicae IRU
GHJUDGDWLRQ DVVD\V DQG LQFUHDVHG WKH SURWHLQ
FRQFHQWUDWLRQ WR  ƫJ SHU DVVD\ (YHQ LQ WKHVH
FRQGLWLRQV XVLQJ D S+ UDQJLQJ IURP  WR  QR
GLIIHUHQFH ZDV IRXQG LQ WKH UHFRYHU\ RI 3$E DIWHU
LQFXEDWLRQ ZLWK QDWLYH RU KHDW LQDFWLYDWHG JXW
SURWHLQV GDWD QRW VKRZQ 7KXV LW VHHPV FOHDU
IURP WKHVH UHVXOWV WKDW LQVHFW SURWHDVHV IURP
LQVHFWV LQVHQVLWLYH WR WKH WR[LQ ZHUH QRW DEOH WR
GHJUDGHWKHWR[LQ
'LVFXVVLRQ
7KH HQWRPRWR[LF SURSHUWLHV RI WKH 3$E SHSWLGH
FRXOG UHSUHVHQW D YDOXDEOH WRRO IRU FHUHDO
SURWHFWLRQ DJDLQVW ZHHYLOV DQG HYHQ PRUH
JHQHUDOO\ IRU SODQW SURWHFWLRQ DJDLQVW SHVW LQVHFWV
,Q RUGHU WR HYDOXDWH WKH SRWHQWLDO XVHIXOQHVV RI
WKLV WR[LQ DQG DQ\ SRVVLEOH H[WHQVLRQ RI LWV XVH
RXU SUHVHQW ZRUN ZDV DLPHG DW DGGUHVVLQJ WZR
LPSRUWDQWLVVXHV
 $ PRUH DFFXUDWH GHWHUPLQDWLRQ RI WKH KRVW
UDQJH RI WKH WR[LQ RQ HLWKHU SHVWV RU QRQWDUJHW RU
HYHQ XVHIXO LQVHFWV 3XEOLVKHG GDWD RQO\ FRQFHUQ D
IHZ LQVHFW VSHFLHV IURP GLIIHUHQW RUGHUV *UHVVHQW
HW DO  7KH VHQVLWLYLW\ RI PLFURRUJDQLVPV WR
WKLV FODVV RI OHJXPH VHHG DOEXPLQV ZDV DOVR
XQNQRZQ ,GHQWLI\LQJ D FRUUHODWLRQ EHWZHHQ LQVHFW
WD[RQRP\ DQG ERWK WKH OHWKDO HIIHFWV RU WKH
SUHVHQFH RI WKH KLJKDIILQLW\ ELQGLQJ VLWH LQ WDUJHW
WLVVXHVZDVDOVRRQHRIWKHDLPVRIWKLVSDSHU
 8QGHUVWDQGLQJ PRUH SUHFLVHO\ WKH PHFKDQLVP
E\ ZKLFK LQVHQVLWLYH LQVHFWV PLJKW RYHUFRPH WKH
WR[LQ¶V HIIHFWV 7KH 3$E WR[LFRORJLFDO PRGHO LQ
WKH Sitophilus VSHFLHV FOHDUO\ LQYROYHV D ELQGLQJ
VLWH EXW GDWD RQ RWKHU VSHFLHV ZHUH VWLOO WRR VFDUFH
WR SURYLGH D JOREDO LGHD RI WKH LPSRUWDQFH RI WKLV
ELQGLQJVWHSLQWKHDGYHQWRIWKHWR[LFV\QGURPH
$EVHQFHRIWD[RQRPLFDOFRUUHODWLRQ
7R[LFLW\ DVVD\V SHUIRUPHG RQ GLIIHUHQW LQVHFW
VSHFLHV VKRZHG WKDW WKHUH ZDV QR FRUUHODWLRQ
EHWZHHQ WKH LQVHFW IDPLO\ DQG WR[LQ HIIHFWV (YHQ
DPRQJ WKH DSKLG VSHFLHV WHVWHG VWURQJ GLIIHUHQFHV
FRXOG EH REVHUYHG ZLWK HIIHFWV RI WKH WR[LQ
UDQJLQJ IURP UHDGLO\ WR[LF A. pisum WR DOPRVW
QRQWR[LF M. persicae 6XFK VSHFLHVVSHFLILFLW\
WR WR[LQV LV QRW XQFRPPRQ LQ DSKLGV ZLWK LQ
JHQHUDO WKH VSHFLDOLVW VSHFLHV VKRZLQJ WKH
VWURQJHVW VXVFHSWLELOLW\ A. pisum ZKLOH PRUH
JHQHUDOLVW VSHFLHV VXFK DV WKH SHDFKSRWDWR DSKLG
M. persicae RU WKH FRWWRQPHORQ DSKLG A.
gossypii WKDW WHQG WR EH PRUH UHVLVWDQW WR RWKHU
SHSWLGH WR[LQV 5DKEp HW DO D 5DKEp HW DO
E (YHQ ZLWKLQ D VLQJOH WULEH RI DSKLGV WKH
0DFURVLSKLQL WKH YHU\ ZHDN DFWLYLW\ RI RQH
VSHFLHV Myzus persicae GRHV QRW SUHFOXGH WKH
SRWHQF\ RI 3$E RQ DQRWKHU VSHFLHV
Acyrthosiphon pisum 7KLV VLWXDWLRQ LV
UHPLQLVFHQW RI WKDW HQFRXQWHUHG IRU WKH SHSWLGH
LQKLELWRU RU\]DF\VWDWLQ EHLQJ ZHDNO\ LQKLELWRU\
RQ PRVW WHVWHG DSKLG VSHFLHV LQFOXGLQJ A. pisum
DQG M. persicae 5DKEp HW DO E EXW
VWURQJO\ OHWKDO DW D VLPLODU GRVH WR WKH SRWDWR
DSKLG Macrosiphum euphorbiae DOVR EHORQJLQJ
WR WKH VDPH 0DFURVSLSKLQL WULEH $]]RX] HW DO
 T. castaneum ZDV IRXQG WR EH LQVHQVLWLYH
+RX HW DO  VKRZ D VOLJKW HIIHFW RI SHD IORXU
FRQWDLQLQJ 3$E RQ T. castaneum SRSXODWLRQ
7KLV GLIIHUHQFH FRXOG EH GXH WR GLIIHUHQFH LQ WKH
SXULW\ RI WKH WR[LQ SHD IORXUSXUH LVRIRUPV RU
PRVW SUREDEO\ WR YDULDWLRQV LQ H[SHULPHQWDO
PHWKRG DQG  RU GRVHV 7KH DEVHQFH RI
WD[RQRPLFDO FRUUHODWLRQ WR D ELRORJLFDO HIIHFW RI
3$E DW GLIIHUHQW WD[RQRPLFDO VFDOHV LV WKHUHIRUH
ZHOOGRFXPHQWHGIRUSHSWLGHWR[LQVDQGFRQWUDVWV
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PD\ UHO\ LQ PDQ\ FDVHV DV RFFXUV IRU 3$E DQG
SitophilusRQDVLPSOHJHQHWLFGHWHUPLQLVP
7KH $E ELQGLQJ VLWH LV JHQHUDOO\ SUHVHQW LQ
LQVHFWWLVVXHV
2QH VWULNLQJ UHVXOW RI WKH SUHVHQW VWXG\ ZDV WKH
ZLGH RFFXUUHQFH RI D VSHFLILF ELQGLQJ VLWH LQ
WLVVXHV IURP YHU\ GLIIHUHQW LQVHFWV ,Q DOPRVW DOO
WHVWHG VSHFLHV D VSHFLILF ELQGLQJ ZDV GHWHFWHG
ZLWK ORZ YDULDELOLW\ $IILQLW\ FRQVWDQWV UDQJHG
IURP  WR  Q0 LQGLFDWLQJ D KLJK FRQVHUYDWLRQ RI
WKH WDUJHW ELQGLQJ VLWH DFURVV WKH DQDO\VHG WD[D
6LPLODUO\ WKH UHODWLYH DEXQGDQFH RI WKLV DFWLYLW\
ZDV QRW YHU\ YDULDEOH LQ WKH VFUHHQHG WLVVXHV 7KLV
ILQGLQJ LV PRUH XQXVXDO WKDQ WKH SUHYLRXV SRLQW
GLVFXVVHG DV LW GRHV QRW VHHP WR RFFXU IRU
LQWHUDFWLRQV ZLWK ZHOOFKDUDFWHUL]HG WR[LQ 
ELQGLQJ VLWH FRXSOHV VXFK DV B. thuringiensis Bt
WR[LQV RU SURWHDVH LQKLELWRUV IRU H[DPSOH 7KH
JHQHUDO VLWXDWLRQ IRU Bt WR[LQ VSHFLILFLW\ LV WKDW
WKHUH LV D JRRG FRUUHODWLRQ EHWZHHQ WR[LQ ELQGLQJ
DQG LWV ELRORJLFDO RXWFRPH HLWKHU DW WKH
LQVHFWVSHFLHV OHYHO +RIPDQQ HW DO  RU DW
WKH LQVHFWLQVWDU OHYHO 5DXVHOO HW DO 
DOWKRXJK VRPH PRUH FRPSOH[ VLWXDWLRQV PLJKW
RFFXU ZLWK GHYHORSPHQWDO IDFWRUV *LOOLODQG HW DO

%LQGLQJ VLWH LV QRW D VXIILFLHQW FRQGLWLRQ
IRUVXVFHSWLELOLW\
6WDWLQJ WKDW WKH ELQGLQJ DFWLYLW\ LV ZLGHO\ SUHVHQW
ZKLOH WKH WR[LFLW\ LV QRW GLUHFWO\ LPSOLHV WKDW RWKHU
IDFWRUV VWURQJO\ LQIOXHQFH WKH WR[LQ WR[LFLW\
3UHELQGLQJ HIIHFWV VXFK DV WR[LQ VWDELOLW\ LQ WKH
LQVHFW GLJHVWLYH WUDFW KDYH EHHQ FRPPRQO\
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